Introduction
============

Glomerulonephritis and renal vasculitis can lead to chronic kidney disease and account for 10% to 30% of incident end-stage renal diseases \[[@ref1]-[@ref3]\], costly illnesses that are associated with increased cardiovascular disease and mortality \[[@ref4]-[@ref6]\]. Although progression to kidney failure can be prevented by inducing and sustaining remission with immunosuppressive treatment \[[@ref7]\], some commonly used immunosuppressants such as glucocorticosteroids and calcineurin inhibitors may have undesirable metabolic effects such as hyperglycemia. Diabetes and diabetes-related mortality are rapidly increasing globally, particularly in Asia \[[@ref8],[@ref9]\], where Type 2 diabetes tends to occur at a younger age compared to Caucasians \[[@ref10]\].

Although there are data demonstrating steroid-induced diabetes among patients with autoimmune conditions (in particular, inflammatory rheumatologic disease) \[[@ref11]\], it is uncertain if this is applicable to those with glomerulonephritis. Patients with renal disease may have decreased glucose filtration, excretion, and inflammation-induced insulin resistance that predisposes them to hyperglycemia, while exhibiting reduced renal gluconeogenesis and insulin clearance, which lowers serum glucose as a result of impaired tubular function \[[@ref12]\]. Moreover, immunosuppressant types and doses commonly used to treat glomerular disease vary considerably from other autoimmune conditions. For example, among the Systemic Lupus International Collaborating Clinics (SLICC) inception cohort of 1,700 patients, those with active renal disease were twice as likely to be prescribed glucocorticosteroids \[[@ref13]\]. Use of concurrent immunosuppressants such as mycophenolate mofetil with lower prednisolone doses may reduce the adverse effects of high-dose steroid monotherapy, while other immunosuppressants such as calcineurin inhibitors are known to be diabetogenic \[[@ref14]\].

The incidence and impact of dysglycemia is not well-described in patients being treated for glomerulonephritis. Therefore, there is a need to recognize risk factors that increase risk of diabetes among patients for whom clinicians may be planning treatment with potentially diabetogenic medications. Clinicians can then anticipate the risks of dysglycemia and consider personalizing immunosuppressant treatment for patients with glomerulonephritis. We aimed to assess the incidence, risk factors, and outcomes for new onset diabetes and pre-diabetes among patients with glomerular disease treated with immunosuppressant in usual clinical practice.

Methods
=======

This was a retrospective cohort study of immunosuppressant-naïve, non-diabetic adults ≥ 21 years of age with glomerulonephritis confirmed on kidney biopsy performed between January 2011 and July 2015 at Singapore General Hospital, an academic medical center and tertiary referral center. Subjects were identified from the kidney biopsy procedural log, which contains records of all native kidney biopsies performed. Exclusion criteria were treatment with immunosuppressive therapy before kidney biopsy and pre-existing diabetes mellitus (defined as previous physician diagnosis of diabetes, fasting glucose ≥ 126 mg/dL, glycated hemoglobin (HbA1c) ≥ 6.5%, or use of oral glucose lowering medications). Among the 343 immunosuppressive-naïve adults, we further excluded those without fasting glucose or HbA1c measurement within 6 months before the biopsy (n = 62) or during the follow-up (n = 52) since we could not ascertain their glycemic status.

Dysglycemia status was defined according to the American Diabetes Association criteria in 2010 for diabetes and pre-diabetes \[[@ref15]\]. Pre-diabetes was defined as presence of impaired fasting glucose, i.e., fasting glucose between 100 and 125 mg/dL, and/or HbA1c between 5.7% and 6.4%. New-onset diabetes was present if post-kidney biopsy fasting venous glucose was ≥ 126 mg/dL for two or more readings, HbA1c was ≥ 6.5%, or if the patient required anti-diabetic medications during post-diagnosis clinical care and follow-up. Collectively, diabetes and pre-diabetes were termed dysglycemia. Data were retrieved until the last hospital visit or death.

Demographics, co-morbid diseases, and laboratory and medication data were retrieved from electronic medical records. Laboratory data collected included peak serum creatinine and urine protein-to-creatinine ratio within 1 month before the kidney biopsy; fasting triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) within 24 months preceding biopsy; and HbA1c and fasting glucose within 6 months before immunosuppressant therapy. The TG-to-HDL-C ratio (TG/HDL-C) was calculated as it correlated with insulin resistance in diabetic and healthy cohorts \[[@ref16]-[@ref18]\]. Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD EPI) equation \[[@ref19]\]. All laboratory investigations were conducted at our laboratory, which is accredited by the College of American Pathologists. Pharmacotherapy data retrieved included immunosuppressant medication prior to and after kidney biopsy, as well as peak daily dose of each immunosuppressant.

This study was conducted according to the Declaration of Helsinki and was approved by the Singhealth Centralized Institutional Review Board (2015/2882) including waiver of informed consent for this medical records review.

Statistical analysis was performed using IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA). Categorical variables were presented as proportions and continuous variables summarized as medians with interquartile ranges (IQR\] (25th percentile, 75th percentile). The Pearson chi-square test was performed to compare categorical variables, while the Mann-Whitney U test was used for non-normally distributed continuous variables. Stepwise binary logistic regression analysis was used to calculate the odds ratio (OR) and 95% confidence interval (CI) for factors with a P-value ≤ 0.05 associated with new-onset diabetes on uni-variate analysis. All tests were two-tailed, and statistical significance was defined as *P* \< 0.05.

Results
=======

[Table 1](#T1){ref-type="table"} shows the demographics, renal function, and metabolic parameters of the 229 non-diabetic patients with biopsy-proven glomerulonephritis not previously treated with immunosuppressants. The median age was 49.6 (IQR, 35.3-62.6) years. The median eGFR was 52.9 (26.2-90.6) mL/min/1.73 m^2^. More than half of the patients (58.1%) had eGFR \< 60 mL/min/1.73 m^2^, while two-thirds of the adults (n = 150, 65.5%) had nephrotic-range proteinuria.

Pre-diabetes was present in the biopsy in 74 of the 229 patients (32.3%): 54 patients had fasting glucose between 100 and 125 mg/dL, while 25 had HbA1c between 5.7% and 6.4%, and 13 satisfied both fasting glucose and HbA1c criteria for pre-diabetes. These patients tended to be older (53.7 \[42.3-64.3\] versus 47.4 \[33.3-61.9\] years, *P* = 0.04), had higher systolic blood pressure (130 \[120-139\] versus 126 \[114-140\] mmHg, *P* = 0.03), and exhibited worse renal function (eGFR \< 60 mL/min 1.73 m^2^ in 68.9% versus 52.9%, *P* = 0.02) compared to those without pre-diabetes. The patients also had higher TG (2.0 \[1.4-2.8\] versus 1.6 \[1.1-2.2\] mmol/L, *P* = 0.008) and TG/HDL-C levels (1.5 \[1.1-2.3\] versus 1.2 \[0.7-1.9\], *P* = 0.004), possibly reflecting underlying insulin resistance \[[@ref16],[@ref18]\].

[Table 2](#T2){ref-type="table"} shows the common glomerulonephritides in our cohort. Minimal change disease or focal segmental glomerulosclerosis was the most common diagnosis, followed by Immunoglobulin A nephropathy, membranous nephropathy, and lupus nephritis. Other etiologies including infection-associated glomerulonephritis and antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis constituted the remaining 17.9% of diagnoses. Among the entire cohort of 229 immunosuppressant-naïve patients, immunosuppressive therapy was initiated after biopsy in 165 (72.1%). Patients treated with immunosuppressants were more likely to have nephrotic-range proteinuria but less likely to be hypertensive compared to those who did not receive immunosuppressants ([Table 1](#T1){ref-type="table"}). Higher LDL-C levels among those patients treated with immunosuppressants may be due to greater proteinuria, as hypercholesterolemia is associated with nephrotic syndrome \[[@ref20]\]. Age, TG/HDL ratio, and presence of pre-diabetes at baseline were not significantly different between the two groups.

Induction immunosuppressants were prednisolone (n = 156, 68.1%) with a peak daily dose of 50 (30-60) mg, methylprednisolone (n = 30, 13.1%), calcineurin inhibitor (n = 35, 15.3%), mycophenolate mofetil or sodium (n = 58, 25.3%), cyclophosphamide (n = 33, 14.4%), and hydroxychloroquine (n = 34, 14.8%). Glucocorticosteroids, administered as monotherapy or more frequently in combination regimens according to international guidelines for each specific diagnosis \[[@ref7]\], remained the backbone of immunosuppressive treatment among the most frequent glomerulonephritides in the cohort ([Table 2](#T2){ref-type="table"}). Choice of immunosuppressant did not significantly differ between patients with and without pre-diabetes at baseline. Methylprednisolone (17.6% versus 11.0%, *P* = 0.16), prednisolone (63.5% versus 70.3%, *P* = 0.30), and peak daily prednisolone dose (50 \[40-60\] versus 50 \[30-60\] mg, *P* = 0.42) were similar between the groups, but there was a tendency for less frequent use of calcineurin inhibitors (9.5% versus 18.1%, *P* = 0.09) among patients with pre-diabetes.

During the subsequent treatment and median follow-up of 34.0 (23.3-47.5) months, half the cohort (n = 122, 53.3%) exhibited dysglycemia with either pre-diabetes or diabetes: 58 (25.3%) had new-onset pre-diabetes, 35 (15.3%) had persistent pre-diabetes, and 29 (12.7%) had new-onset diabetes.

Among those who were normoglycemic at baseline, 58 (37.4%) developed pre-diabetes, while 13 (8.4%) had new-onset diabetes. Sixteen (21.6%) of those with baseline pre-diabetes developed new-onset diabetes during treatment and follow-up ([Fig. 1](#F1){ref-type="fig"}). Therefore, the presence of pre-diabetes at baseline increased the odds of developing diabetes during follow-up (OR, 3.01; 95% CI, 1.36 to 6.65; *P* = 0.006).

[Table 3](#T3){ref-type="table"} compares patients with and without new-onset diabetes and pre-diabetes. Those with new-onset diabetes were older, had higher baseline fasting glucose level and TG/HDL-C ratio, and had a higher number of treatments with methylprednisolone. Proteinuria tended to be more frequent among those with new-onset diabetes, although the difference was not statistically significant. There were no significant differences in use or peak daily doses of other immunosuppressants commonly used in this cohort (prednisolone, mycophenolate, and calcineurin inhibitors) compared with the occurrence of new-onset diabetes. Multi-variable analysis adjusting for age, proteinuria, TG/HDL-C ratio, pre-diabetes status, and methylprednisolone use confirmed that pre-diabetes (adjusted OR, 2.63; 95% CI, 1.06 to 6.52; *P* = 0.04) and methylprednisolone (adjusted OR, 4.14; 95% CI, 1.40 to 12.26; *P* = 0.01) were independently associated with new-onset diabetes.

As part of personalized medicine to profile each individual's risk to aid physicians in planning and counselling for treatment, we further characterized the risk of new-onset diabetes among patients with glomerulonephritis by pre-diabetes status and use of immunosuppressants. Compared to those without baseline pre-diabetes and no immunosuppressant treatment, the risk of new-onset diabetes was highest in the group with baseline pre-diabetes and immunosuppressive treatment ([Table 4](#T4){ref-type="table"}). This high-risk group's median age was 54.7 (IQR, 42.7-65.0) years, with half being male (50%) and the majority with nephrotic range proteinuria (76.0%) and impaired renal function (eGFR \< 60 mL/min/1.73 m^2^ in 66%). Prednisolone (94.0%), methylprednisolone (26.0%), cyclophosphamide (28.0%), and mycophenolate mofetil or sodium (26.0%) were the most frequently used immunosuppressants. Among the 13 patients who had new-onset diabetes, 8 required oral anti-diabetic medications and 1 required insulin therapy at the median 2.23 (0.25-9.87) months after the immunosuppressants were started.

Discussion
==========

This study found that dysglycemia was present in half of the non-diabetic patients during follow-up and treatment for biopsy-proven glomerulonephritis. In particular, new-onset diabetes occurred in one-quarter of those with baseline pre-diabetes and treated with immunosuppressants. Since prednisolone was the most frequently used immunosuppressant among the patients in this study, the diabetogenic effect of immunosuppressant therapy illustrated in this study may be largely attributed to steroid-induced diabetes. Steroids induce insulin resistance by reducing glucose uptake and use in cells (including glycogen synthesis) and enhancing hepatic gluconeogenesis \[[@ref21]\]. Such effects likely exacerbated hyperglycemia in patients with pre-diabetes, whose baseline glucose level is higher than normal but does not meet the criteria for diabetes and are well-recognized to be at higher risk for future development of diabetes \[[@ref15]\]. In comparison, the incidence of diabetes mellitus was 12.8% among 4,101 low-risk, local general population adult Malays and Indians followed-up over 6 years \[[@ref22]\], while cohorts with autoimmune diseases treated with high-dose glucocorticosteroid mono-therapy reported more frequent occurrence (20% to 40%) of steroid-induced diabetes \[[@ref23],[@ref24]\]. In particular, this study identified that potent glucocorticosteroids such as methylprednisolone, typically administered as intravenous boluses of 500 mg daily for 3 days in our institution, was associated with new-onset diabetes.

Despite elevated risks of diabetes and departmental recommendations to monitor fasting glucose at least two months after immunosuppressant therapy, we found patients without fasting glucose and HbA1c values within 6 months prior to immunosuppressant initiation (n = 27, 16.4% of 165) and post-immunosuppressant treatment (n = 26/165, 15.8%). Fasting glucose was first measured 5.1 (2.1-10.5) weeks after starting immunosuppressant treatment and subsequently much later at 11.0 (4.7-20.3) weeks. This may reflect reduced awareness or conviction among physicians to risk-stratify and monitor for dysglycemia in the absence of consensus or evidence-based guidelines for evaluating glycemic parameters in glomerular diseases \[[@ref7],[@ref25]\]. In contrast, the international guidelines for kidney transplant suggest that transplant recipients should be monitored with fasting glucose level at least weekly for 4 weeks and then every 3 months for 1 year \[[@ref26]\].

The limitations of this study include its retrospective nature without data on markers of insulin resistance such as body mass index, waist-to-hip ratio, and fasting insulin level. Instead, we adjusted for TG/HDL-C ratio as a surrogate for insulin resistance \[[@ref16],[@ref17]\]. Although most prior studies on steroid-induced diabetes based their diagnostic criteria on fasting blood glucose \[[@ref11]\], there is concern that the latter may underestimate steroid-induced hyperglycemia, particularly when intermediate-acting glucocorticosteroids such as oral prednisolone are administered as single morning doses \[[@ref11]\]. We did not evaluate the risk of impaired glucose tolerance separately, but it was included within those with baseline pre-diabetes since it is our usual clinical practice to perform an oral glucose tolerarance test only if any individual exhibited impaired fasting glycemia. The low event rate may limit the power to detect significant associations for individual immunosuppressants such as calcineurin inhibitors, especially when their use was infrequent. It also limited the ability to adjust for multiple variables simultaneously in a logistic regression. Causality cannot be confirmed in this observational study, and the results are only hypothesis-generating. Despite these limitations, this study highlighted the considerable risk of new-onset diabetes for patients with glomerulonephritis and impaired fasting glycemia who receive immunosuppressive therapy. In addition, there may be a lack of awareness of metabolic complications and diabetic risk factors in clinicians caring for those with glomerulonephritis.

In summary, new-onset diabetes after immunosuppressant therapy occurred in one-quarter of our patients with glomerulonephritis and pre-existing pre-diabetes. Physicians should consider screening for dysglycemia during treatment and follow-up of the patients with glomerulonephritis, especially if they have pre-diabetes and were treated with immunosuppressants.
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###### 

Comparison of clinical features in patients with glomerulonephritis according to immunosuppressive treatment

                                            All patients (n = 229)   Immunosuppressive therapy after diagnosis   *P* value          
  ----------------------------------------- ------------------------ ------------------------------------------- ------------------ ----------
  Age at diagnosis (yr)                     49.6 (35.3-62.6)         52.1 (37.3-61.1)                            49.2 (34.6-63.2)   0.56
  Male                                      103 (45.0)               30 (46.9)                                   73 (44.2)          0.72
  Hypertension                              133 (58.1)               48 (75.0)                                   85 (51.5)          0.001
  Systolic BP (mmHg)                        130 (118-140)            130 (110-146)                               130 (120-139)      0.57
  Diastolic BP (mmHg)                       71 (67-80)               70 (65-80)                                  72 (68-80)         0.69
  Dyslipidemia                              66 (28.8)                24 (37.5)                                   42 (25.5)          0.07
  Serum creatinine (mg/dL)                  1.40 (0.88-2.49)         1.59 (0.93-2.62)                            1.28 (0.86-2.32)   0.23
  eGFR (mL/min/1.73 m^2^)                   52.9 (26.2-90.6)         48.7 (25.4-87.8)                            53.9 (27.3-91.7)   0.34
  CKD EPI eGFR \< 60 (mL/min/1.73 m^2^)     133 (58.1)               38 (59.4)                                   95 (57.6)          0.80
  Urine protein-to-creatinine ratio (g/g)   4.4 (2.1-8.6)            3.1 (1.4-5.9)                               5.5 (2.6-9.4)      \< 0.001
  Fasting glucose (mg/dL)                                            94 (88-100)                                 92 (86-101)        0.44
  HbA1c (%)                                 5.5 (5.1-5.7)            5.3 (5.2-5.8)                               5.5 (5.0-5.7)      0.74
  Pre-diabetes at baseline                  74 (32.3)                24 (37.5)                                   50 (30.3)          0.29
  Triglyceride (mmol/L)                     1.8 (1.1-2.4)            1.6 (1.0-2.4)                               1.8 (1.2-2.4)      0.35
  LDL-C (mmol/L)                            3.9 (2.8-6.3)            3.5 (2.6-5.0)                               4.2 (2.9-6.7)      0.03
  HDL-C (mmol/L)                            1.3 (1.1-1.7)            1.2 (1.1-1.6)                               1.3 (1.1-1.7)      0.65
  Triglyceride/HDL-C ratio                  1.3 (0.8-1.9)            1.2 (0.7-2.0)                               1.4 (0.8-1.9)      0.54

Categorical variables are expressed as number (%) and compared using chi-square or Fisher's exact test as appropriate. Continuous variables are expressed as median (interquartile range) and compared using the Mann-Whitney *U* test.

BP, blood pressure; CKD EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate calculated using the CKD EPI formula; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

###### 

Immunosuppressive treatment according to pathologic diagnoses[a](#t2fn3){ref-type="table-fn"}

                                    Minimal change disease or FSGS   Immunoglobulin A nephropathy   Membranous nephropathy   Lupus nephritis[b](#t2fn3){ref-type="table-fn"}
  --------------------------------- -------------------------------- ------------------------------ ------------------------ -------------------------------------------------
  Number of patients                67                               57                             33                       31
  Proportion of cohort (%)          29.3                             24.9                           14.4                     13.5
  Immunosuppressant                                                                                                          
  Prednisolone                      45 (67.2)                        33 (57.9)                      23 (69.7)                29 (93.5)
  Methylprednisolone                1 (1.5)                          2 (3.5)                        0 (0.0)                  17 (54.8)
  Calcineurin inhibitor             14 (20.9)                        6 (10.5)                       7 (21.2)                 2 (6.5)
  Mycophenolate mofetil or sodium   7 (10.4)                         11 (19.3)                      7 (21.2)                 27 (87.1)
  Cyclophosphamide                  2 (3.0)                          1 (1.8)                        8 (24.2)                 7 (22.6)

Data are presented as number only or number (%).

ANCA, antineutrophil cytoplasmic antibody; FSGS, focal segmental glomerulosclerosis.

The four most frequent biopsy diagnoses among the 229 immunosuppressant-naïve non-diabetic adults are shown above, while etiologies including infection-associated glomerulonephritis and ANCA-associated vasculitis constituted the remaining 17.9%. ^b^The majority of patients with lupus nephritis also received hydroxychloroquine and only 1 received rituximab; none of the other 3 glomerulonephritide patients were treated with rituximab.

###### 

Comparison of clinical characteristics between patients with and without new-onset diabetes and new-onset pre-diabetes

                                              New-onset diabetes[a](#t3fn3){ref-type="table-fn"}   *P* value          New-onset pre-diabetes[b](#t3fn3){ref-type="table-fn"}   *P* value                             
  ------------------------------------------- ---------------------------------------------------- ------------------ -------------------------------------------------------- ------------------ ------------------ ------
  Age (yr)                                    48.6 (34.7-61.8)                                     57.6 (43.5-67.0)   0.03                                                     46.4 (33.4-58.4)   49.1 (33.2-65.0)   0.37
  Male                                        89 (44.5)                                            14 (48.3)          0.70                                                     31 (36.9)          26 (44.8)          0.34
  Hypertension                                116 (58.0)                                           17 (58.6)          0.95                                                     48 (57.1)          29 (50.0)          0.40
  Systolic BP (mmHg)                          129 (116-140)                                        134 (120-140)      0.09                                                     125 (114-140)      124 (110-140)      0.74
  Diastolic BP (mmHg)                         70 (67-80)                                           74 (68-82)         0.42                                                     71 (62-80)         70 (63-80)         0.19
  Dyslipidemia                                54 (27.0)                                            12 (41.1)          0.11                                                     22 (26.2)          16 (27.6)          0.85
  Serum creatinine (mg/dL)                    1.30 (0.85-2.50)                                     1.57 (1.11-2.50)   0.18                                                     1.11 (0.75-1.96)   1.18 (0.84-1.97)   0.92
  eGFR \< 60 (mL/min/1.73 m^2^)               112 (56.0)                                           21 (72.4)          0.09                                                     42 (50.0)          32 (55.2)          0.54
  Urine protein-to-creatinine ratio (g/g)     4.3 (2.0-8.4)                                        6.9 (3.0-10.2)     0.05                                                     4.2 (2.0-8.2)      5.7 (2.1-9.3)      0.32
  Fasting glucose at baseline (mg/dL)         92 (85-99)                                           99 (92-104)        0.008                                                    86 (81-92)         90 (85-95)         0.09
  HbA1c at baseline (%)                       5.4 (5.1-5.7)                                        5.6 (5.0-5.9)      0.23                                                     5.2 (4.9-5.4)      5.2 (4.9-5.5)      0.56
  Pre-diabetes at baseline                    58 (29.0)                                            16 (55.2)          0.005                                                    \-                 \-                 \-
  Triglyceride (mmol/L)                       1.7 (1.1-2.4)                                        1.9 (1.3-2.4)      0.23                                                     1.6 (0.9-2.2)      1.7 (1.1-2.5)      0.43
  LDL-C (mmol/L)                              3.9 (2.8-6.4)                                        4.4 (2.8-5.9)      0.69                                                     3.8 (2.6-5.8)      4.2 (3.4-4.8)      0.18
  HDL-C (mmol/L)                              1.3 (1.1-1.8)                                        1.2 (1.0-1.4)      0.06                                                     1.4 (1.1-1.8)      1.3 (1.1-1.9)      0.61
  Triglyceride/HDL-C ratio                    1.3 (0.7-1.9)                                        1.6 (1.1-2.4)      0.03                                                     1.0 (0.6-1.7)      1.2 (0.7-1.9)      0.32
  Prednisolone                                133 (66.5)                                           23 (79.3)          0.16                                                     56 (66.7)          43 (74.1)          0.34
  Prednisolone peak daily dose (mg per day)   50 (30-60)                                           40 (30-60)         0.38                                                     42 (30-60)         50 (30-60)         0.46
  Methylprednisolone                          21 (10.5)                                            9 (31.0)           0.006                                                    7 (8.3)            6 (10.3)           0.68
  Calcineurin inhibitor                       29 (14.5)                                            6 (20.7)           0.41                                                     17 (20.2)          8 (13.8)           0.32
  Mycophenolate mofetil or sodium             50 (25.0)                                            8 (27.6)           0.76                                                     21 (25.0)          20 (34.5)          0.22

Categorical variables are expressed as number (%) and compared using chi-square or Fisher's exact test as appropriate. Continuous variables are expressed as median (interquartile range) and compared using the Mann-Whitney *U* test.

BP, blood pressure; CKD EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate calculated using the CKD EPI formula; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Diabetes was present when fasting venous glucose ≥ 126 mg/dL for 2 or more readings, HbA1c was ≥ 6.5%, or if the patient required anti-diabetic medications during follow-up. ^b^Analysis for new-onset pre-diabetes after excluding patients with baseline pre-diabetes and those who developed new-onset diabetes. ^c^Patients who did not develop new onset-prediabetes were normoglycemic at baseline and remained normoglycemic during treatment and follow-up.

###### 

Incidence of diabetes according to baseline pre-diabetes and immunosuppressant treatment

  Baseline pre-diabetes   Immunosuppressant treatment   Number of patients   New-onset diabetes mellitus, n (%)   Odds ratio (95% confidence interval)[a](#t4fn1){ref-type="table-fn"}   *P* value
  ----------------------- ----------------------------- -------------------- ------------------------------------ ---------------------------------------------------------------------- -----------
  No                      No                            40                   2 (5.0)                              1.00 (reference)                                                       \-
  No                      Yes                           115                  11 (9.6)                             2.01 (0.42-9.48)                                                       0.38
  Yes                     No                            24                   3 (12.5)                             2.71 (0.42-17.55)                                                      0.29
  Yes                     Yes                           50                   13 (26.0)                            6.67 (1.41-31.64)                                                      0.02

Odds of new-onset diabetes among patients characterized by their baseline pre-diabetes status and whether they received immunosuppressant treatment, compared with the reference group which did not have baseline pre-diabetes and did not receive immunosuppressants.

[^1]: Edited by Won Kim, Chonbuk National University, Jeonju, Republic of Korea
